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SUMMARY 

Data on the thermal performance and the static pressure 
drop characteristics of two finned—type exhaust gas and air 
heat exchangers are presented. One heater was constructed 
of copper and stainless steel, the other was constructed 
entirely of an aluminum alloy. Two different shrouds were 
used in the tests on each exchanger. 

The exhaust— gas weight rates used in the tests varied 
from 13C0 lb/hr to 5700 lb/hr, and the vent ilat ing-air 
weight rates ranged from 1000 lb/hr to 4500 lb/hr. Static 
pressure drop measurements were made across the exhaust- 
gas and ventilating—air sides of the heater under isothermal 
and non— is othermal conditions. 

The measured thermal outputs and static pressure drops 
are compared with predicted magnitudes. 



INTRODUCTION 



The two finned— type exhaust gas and air heat exchangers 
were tested on the large test stand of the Mechanical Engi- 
neering Laboratories of the University of California. (See 
description of this test stand in reference 1.) These 
heaters are designed for use in the exhaust— gas streams of 
aircraft engines for cabin, xving, and tail— surface heating 
sys t ems . 
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The following data were o"btained: 

1. V/eight rates of exhaust gas and ventilating air 
through the respective sides of the heat ex- 
changer . 

2„ Temperatures of the exhaust gas and ventilating 
air at inlet and outlet of heater 

3. Temperatures of the heater surfaces 

4. Static pressure differences across the exhaust- 

gas and ventilating—air sides of the heat ex- 
changers for isothermal and non— is ©thermal 
condit ions 

This report is one of a series cf advance restricted 
reports that describe research being conducted on aircraft 
heat exchangers at the University of California under the 
sponsorship of the National Advisory Committee for Aeronautics. 



SYMBOLS 



A area of heat transfer; and cross-sectional area of 
one fin, ft 2 



Acs cross-s ect icnal area cf flow for either fluid, ft 



Ah cross-sectional area of flow for either fluid, meas- 
ured within the heater, ft 2 

A u area of heat transfer measured over the unfinned sur- 
faces, ft 2 

A x cross-sectional area of flow taken at the inlet pres- 
sure measuring station, ft 2 

A 2 cross— s ect ional area of flow taken at the outlet pres- 
sure measuring station, ft 2 

heat capacity of air at constant pressure, Btu/lb °F 



c p g heat capacity cf exhaust gas at constant pressure, 
Btu/lb °P 
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D hydraulic diameter, ft 

f c unit thermal convective conductance (average with 
length) f Btu/hr ft 2 °P 

f c unit thermal convective conductance for the venti- 
lating air (average with length), Btu/hr ft^ V 

f C g unit thermal convective conductance for the exhaust 
gas (average with length), Btu/hr ft 2 F 

f c unit thermal convective conductance ever the unf inned 
surfaces of the air side using the hydraulic di- 
ameter 2 as the significant dimension in equation 
(6), (average with length), Btu/hr ft 2 °F 

(f c A) e "effective" thermal conductance of a finned surface, 
Btu/hr °F 

(fcA), n thermal conductance of the unfinned portion of the 

/ o 

finned surface, Btu/hr F 



e 



gravitational force per unit of mass, lh/(l"b sec 2 /ft) 



Gr weight rate of fluid per unit of area, l"b/hr ft 2 

G u weight rate of fluid per unit of area taken at a 
section over the unf inned surface, lh/hr ft 2 

k thermal conductivity of fin material, Btu/hr ft 2 (°r/ft) 

K isothermal pressure drop factor defined hy the equa- 

tion & « K ®& 
Y 2g 

I significant dimension in equations for f c along a 

flat plate; and the length of a fluid passage 
measured from the entrance, ft 

L length of a fin projecting into fluid stream, ft 

n number of fins on either side of heater 

P heat transfer perimeter of one fin (parallel to orse 

of fin) on either side of heater, ft 

q. a measured rate of enthalpy change of ventilating air, 
Btu/hr or k Btu/hr (*» 1000 Btu/hr) 1 

"X 

k Btu designates kilo Btu 



UACA ARE ETo. 4K21 



4 



q. r- measured rate of enthalpy change of exhaust gas, 
3tu/hr or k Btu/hr (« 1000 Btu/hr) 

^av arithmetic average mixed mean absolute temperature 
of fluid g A,+ ? ■ » , °R 



Ti s0 mixed— mean absolute temperature of fluid for iso- 
thermal pressure drop tests, °H 

T x mixed— mean absolute temperature of fluid at entrance 
s ect ion ( point 1 ) , °K 

Q? s mixed— mean absolute temperature of fluid at exit 
section (point 2), °R 

u n mean velocity of fluid at minimum cross-sectional 
area of fluid passages, ft/sec 

U over—all unit thermal conductance, Btu/hr ft 3 °5 1 

(UA) over-all thermal conductance, Btu/hr °F 

tf weight rate of fluid, lb/hr 

W a weight rate of vent ilat ing air, lb/hr 

Wg weight rate of exhaust gas, l"b/hr 

V weight density of fluid, lb/ft 3 

Yj weight density of fluid at entrance to heating sec- 
tion (point 1 ) , lb/ft 3 

AP static pressure drop, lb/ft 8 

AP a ! static pressure drop (heater plus ducts) on venti- 
lating—air side, inches H 2 0 

APg* static pressure drop (heater plus ducts) on exhaust- 
gas side, inches H 2 0 

Abduct isothermal static pressure drop across inlet and 

outlet ducts of the air shroud or of the heater 

lb/ft* (AP' duct ■ inches K^O) 
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^ P htr isothermal static pressure drop across the heater 
passages only, lh/ft s UP l htr = inches H s 0) 

AP iso total isothermal static pressure drop across heater 
and ducts at temperature T iso , lh/ft 2 

( AP? iso 88 inches H s 0) 

t isothermal friction factor defined by the equation 

A? f t W 8 
V D 2g~ 

At rnx mean temperature difference for crossflow as de — 
fined by equation (43) of reference 2, °F 

M» viscosity of fluid, l"b sec/ft 2 

T aj mixed-mean temperature of ventilating air at en- 
trance section (point l), °1 



T a 2 



mixed— mean temperature % of ventilating air at exit 
s ect ion (point 2) , °J 



T g mixed-mean temperature of exhaust gas at entrance 

sect ion (point 1 ) , 5 1 

T g 2 mixed-mean temperature of exhaust gas at exit sec- 
tion (point 2) , °F 

<P X heater effectiveness for crossflow used in eoua- 

tion (46) of reference 2 

He Reynolds number = OD/36OO \i g 
Su"bs or ipt s 

a vent ilat ing— air side 

c convective conductance 

cc cross-sectional areas 

e "effective" thermal conductances 

g exhaust— gas side 

h, htr heater 
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ISO 



i s c t h erma 



1 conditions 



n o n— iso 



non-isothermal condit ions 



U 



unf inned surfaces 



x 



cr os sf low 



DESCRIPTION OF THE HEATERS AND OF THE TEST IxTGr PROCEDURE 

The finned— type heat exchangers tested were cr os s — 
flow units with longitudinal fins in the exhaust— gas side 
and with short strip fins (5/32 in. deep) of 0.045— inch 
thickness on the air side. (See figures 1 tc 5.) 

One heater consists of a folded stainless— st eel shell, 

the folds forming the longitudinal fins in the exhaust— gas 
side. Strips of copper which are attached ("brazed) inside 
these folds form the fins on the air side. The strips are 
cut at approximately 5/?2— inch intervals and the sections 
twisted so that the fins are parallel to the flow of air. 
The strip fins on the v ent ilat ing— air side are 1-|- inches 
long and the longitudinal fins on the exhaust— gas side are 
li inches long and 13-g inches deep (along the length of th 
heater) with tapering ends. There are 27 fins on the ex- 
haust—gas side and 62 fins per row (27 rows) cn the air 
side, giving a total of 1574 fins on the air side. 

The other heater consists of a folded alum inum— alloy 
shell, the folds again forming longitudinal fins in the 
exhaust— gas side. Strips of aluminum alloy are attached 
(welded) in the folds, cut at approximately 5/?2-inch in- 
tervals and twisted so that they are parallel to the air 
stream. The fins on the air side are JtJ inches long and 
those on the gas side are l«r inches long, the over— all 
depth of the gas— side fins "being lz\ inches. Since there 
are 26 fins on the gas side and an average of 58 fins per 
row (25 rows) on the air side, the total number of fins 
on the air side is 1503 fins. 

Of the two air shrouds used on "both heaters, one, 
referred to as UC— 1, was designed to give f ul 1— cr os sf 1 ow 
characteristics; whereas the other, referred to as A— 7 , 
was designed to give M c ir cumf er ent ial— flow" characteristics. 
The latter shroud is a crossflow unit with inlet and outlet 
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ducts which are parallel to the heat exchanger. The inlet 
duct contains vanes which change the direction of flow of 
the ventilating air, "bringing it perpendicular to the heat 
exchanger. The shroud then guides the ventilating air 
around the heat exchanger for almost 260°. This type *f 
flow will he termed circumferential flow. Diagrams and 
photographs of these heaters and shrouds are shown in fig- 
ures 1 to 5. 

Calibrated square-edge orifices were used for the 
measurements of the weight rates of the exhaust gas and 
ventilating air . 

The temperatures of the exhaust gas were measured 
with traversing shielded thermocouples. Unshielded trav- 
ersing thermocouples were employed for the measurement of 
the ventilat ing — a. ir wtperatu? cs 1 

Temperatures of the heater surfaces were measured at 
several points near the entrance to the heater. Static 
pressure-drop measurement were made across the ventilat- 
ing-air and exhaust-gas sides of the heaters. Two taps, 
180 apart, were installed at each static pressure measur- 
ing station. Heat transfer and pressure drcp data for the 
two heat exchangers using the two air shrouds are ^resented 
mtahles I to X. Plots of these data as functions of the 
weight rates of the ventilating air and exhaust gas are 
presented in figures 6 to 19. 



METHOD OF ANALYSIS 
Heat Transfer 



The thermal output of the heater was determined from 
the enthalpy change of the ventilating air: 



q a = tf a C (T _ T ) (1) 

in which c Pa was evaluated at the arithmetic average venti- 

lating-air temperature as an approximation. A plot of a 

— ■ ' — ■« — » >i — .. a. ^- a 



Because this thermocouple was not shielded from radiation 
to the relatively cooler duct walls, the measured tempera- 
tures are slightly lower than the true air temperature, A 
calculation snows the error to he loss than 1 percent of the 
temperature rise of the air as it passes through the heater. 
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against feT a for constant values of the exhaust-gas rate 
(W ) is shown in figures 6 to 9. 

For the exhaust-gas side of the heater: 

q r = v g c v c - Tg 2 ) (2) 

The over-all thermal conductance (UA) was evaluated 
from the expression. 

a a = cm) A t mx (3) 

where At mx is the mean effective temperature difference 
for crossflow of .fluids. This term is shown graphically 
in reference 2 as a function ci the terminal temperatures 
of the exhaust gas and ventilating air. 



'The variation of (UA) with W. a and with W, is 
shown in figures 10 to 13. The thermal output of the 
heater for values of At iax ether than those used here 
may he predicted by determining (UA) at the desired 
weight rates from figures 10 to 13 and using these magni- 
tudes in equation (3). 1 

Pr -diet ions of the magnitudes of the over-all thermal 
conductances (UA) were attempted. The expression 



(UA) . 1 ( U) 



0 



was used (reference ?, equation U7). 

The terms (f A) eft and (f e A) (the affective thermal 
conductances for finned surfaces in the air and pas sine- 
of the heater, respectively) are determined from the equa- 
tion [reference 2, equation (35) ]« 

fhis method of correction does not take cognisance of the 
variation of (UA) with the temperature of the fluids 

f -f mm 0.296 \ 

K ~c « x av >- * 01 ' » more complete method of correction 

of (UA), 3ee appendix A. 
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(i c A) e 8 a / f c PkA tanh| 



kA 



where n is the number of fins, f c the unit thermal 
corrective conductance along the fin, ? the perimeter 
of the fin (parallel to base of fin), k the thermal con- 
ductivity of the fin material, A the cross-sectional 
area o f the fin, L the length of the fin (projection 
of fin into fluid stream), A u the unfinned heat trans- 
fer area, and i c ^ the unit thermal conductance over the 

unf inned surface . 

The unit thermal corrective conductances f Cft and 
f Cg on the vent ilat ir.g— air and exhaust— gas sides were 
evaluated from the following equations: 

(a) ?or the vent ilat ing-air sides (see reference 2) 

1. Unfinned surfaces 

p0.9. 

_ 4 0.2 96 ^U , . 

f c = 5.56 X 1C- 4 T av — - (6) 

D 

2. tinned surfaces (see reference 2) 

t 0 = 5.36 x IfiT* x^ 35 ~ (?) 

i - 

(h) For the exhaust-gas sides: (finned and unfinned 
surface) (see reference 2). 

f C£ = 5.56X10- i!l (l ♦ 1.1 .(•) 

In these equations D is the hydraulic diameter, 1 
is the depth of the fins in the direction of fluid flow, 
and 0- and G- u are the weight rates per unit of area 
corresponding to the cr oss— sect ional areas at the sections 
concerned; that is, the finned and unfinned surfaces. 
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Equations 1 (6) and (?) are valid for the calculation 
of the unit thermal conductance f c for forced convec- 
tion in smooth straight ducts, but they are applied here 
as an ar>pr bxitnat ion , inasmuch an little is known about 
the relation between the mechanisms of fluid and heat flow 
when the turbulence is of the type occasioned "by larfje 
eddies. Equat ion (7) Is valid for the determination of 
the unit thermal conductance f c along a flat plat:-; in 

the region downstream from the point where the flew in the 
retarded layer along the plate has changed from laminar 
to turbulent flow. This equation ts applicable here be- 
cause with great turbulence in the stream the point of 
transition from a laminar tc a turbulent boundary layer 
approaches the front odfe of the plate, thus mailing the 
fraction of heat tra&ff* rr d through the laminar boundary 
layer small in comparison with that transferred through 
the turbulent I30v.nd.rj.ry lay L r (which extends over the re- 
mainder of the plate), 

Sampl e_cal culat 1 on , - Data take:: from run no* 15* 
table I, for the alu&inum- alloy heater usin# the full- 
er Ossf low (UC-l) shroud: 

1 . Air side 

(.a) Unfinr.:c- surface 

The unit thermal conductance alo:v the surface be- 
tween the fin ro\.s 

n o . 8 

f = 5.5S x iq- 4 t 0 ' ^ 96 ---- 

Average temperature T nv 
ifei£ht rate per unit arpa 



Hydraulic diameter D = U 



a k X = 0.226 ft 

5.76 



*In reference 2 and also in all future reports of the 

series, the exponent of T(0.?3$) has been changed to 0,3. 

The coefficients in the actuations have been changed corre- 
spondingly. 



W a 265O lh/hr 
A cs O.325 ft* 
SlbO lb/hr ft 2 



Watted perimeter 
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f 0l » 5.56 X 10 ~* (531)°- 296 ( 8160 I 



( 0.225)' 



= 6.64 Btu/hr ft 2 °F 

Unfinned heat transfer area A ua * 1.91 ft 2 
then (f c A) Ua « 12.7 Btu/hr °I 

(b) Pinned rurface and unfinned surface 
The effective thermal conductance 

(f c A) ea » n V7™^~A tanh ! 7^5 L "| + (f rA )- 

L kA J 



ua 



The unit thermal conductance along the fins (turbu- 
lent boundary layer) 



fc a = 9.36 X ICT* S'av 96 C- 

x a v O wi, r. 
Weight rate per unit area between fins 
„ V a 2650 lb/hr 

C- = « 'Jit. = 3 770 lb/hr ft 2 

■"•cs 0.302 ft 8 

(cross-sectional area (A cs ) is taken as that be- 
tween fins) 

The depth of fins in direction of air flow 
I w 0.0130 ft (5/32 in. ) 



so f Ca = 9.35 X 1C- 4 (591)°- 29S Lm2l 



(0.0130) 0 - 8 



21.2 Btu/hr ft 5 °F 
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Number of fins n = 1508 
Perimeter of one fin P = 0.0337 ft 
Thermal conductivity of fin material 
k = 135 Btu/hr ft 2 f j|J 

Cross-sectional area of one fin A = 4.37 X 10~ 5 ft 8 
Length of one. fin L ~ 0.104 ft 

The effective thermal conductance on air side is: 
^ f c A ) ea = 

1508 Var. 2X0. 0337 X 135 X 4 .87 X 1(T* tanh / 31 ' 2 * 0 ' °HL^ 0 104+(f A ) 

J 135 X 4.87 X 10- 6 ° U£ 

(-cA)ea ■ 32. 4 + 12.7 = 95.1 Btu/hr C F 

2. Exhaust— gas side 

The effective thermal conductance 



(*e*) a - nv^cfP k A tanhj / ±^L l 
» S Lv kA 

Unit thermal conductance 



f Cg - 5.5oXl0 T av ^ + lml »\ 

Average temperature I aV = iM_±. .8,79 + 460 = 138C 0 ' R 

2 

Weight rate per unit area 0 = = 2050_rb/hr 

Acs 0.109 ft* 

= 18,800 lD/hr ft 2 

Hydraulic diameter D ~ 4 x -£2 

wetted perimeter 

* 4 X &*1M b 0.0674 ft 
6.43 
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Depth of fins I = 0,940 ft 

' 1 + LIt) = 1 . 08 
\ V 



fc, = 5.56 X 10- 4 (1330)°- S9(? X il***™ > L. x 1>08 
fe ( 0.0574)°'* 

= 23.0 Btu/hr ft s °5 1 

Heat transfer area between fins A u = 1.39 ft 3 
Hunter of fins n = 26 

Heat transfer perimeter of one fin P = 1.91 ft 
Thermal conductivity of fin material 
k m 155 Btu/hr ft 3 (-£) 

v.f ty 

Cross— s ect ional area of one fin A = 0.0123 ft 2 
Length of fin L = 0.099 ft 

( f o A L = 3S.0Xl.3f = 5.20 Btu/hr °7 

( f c-O e , 

6 

6 /23T0xTJTx 15T5x"oToi2? tanh /H^2_- 020L x 0 . 09 9 + 23. OX 1.39 

V i .55 X 0.0123 

=105+32 

= 15? Btu/hr °F 

3. Over— all thermal conductance 

(UA) = -i n 1 



ea - - — eg g5 ^ ■ 

=56.3 3tu/hr °F 

The value of (UA) obtained from the laboratory data 
was ( see fig. 10) . 
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(U) = .26. . !L»22_!*sZS* .53.3 stu/hr 1 

At mx 790° F 

where At mx is the effective mean temperature 
difference for crossflcw. A graphical Solution 
U mx , based on the terminal temperatures of the 
exhaust gas and ventilating air, is presented in 
figure 3^- °£ reference 2. 



Pressure Drop 
isothermal pressure drox) 
1. Vent i 1 at inr;-air ne'e 

The isothermal static pressure drops across the 
air side of the heaters were calculated in the 
following manner: 

(a) For heaters with UC-1 shroud: 

'The static pressure drop in the ducts of the 
shroud (entrance and exit sections) was 
measured at different air rates (see ref- 
erence 3, table VII), and then a logarith- 
mic plot of AP dvct s agaiast 6f a was used 
to obtain AP 4uctg at any fiven Weight 
rate. This value of AP auctfl was sub- 
tracted from AP i30 , the sum of the static 
pressure drop across the heater alone: 

AP htr * ^iso - **4««t* (9) 

A rt head loss coefficient" (K) for the shroud 
• •as computed from equation (10) below, in 
order to evaluate the effect of the complex 
flow pattern which exists on the air side: 

AP htr 

----- = K (io) 

The value of K was computed (see table Y) 
to be about 3.5 for the ©opper-staialess 
steel heater and . 9 for the alv.m i hub-? i 1 0 y 
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heater (see references 3, 4, and 5 for 
corresponding values for other heaters). 

("b) ?or heaters with the A— 7 shroud: 

The shape of this shroud was so complex that 
the pressure drop in the ducts alone could 
not "be obtained readily, and consequently 
a head loss coefficient was calculated 
on the basis of the over— ail static pres- 
sure drop measured across the unit (ducts, 
shroud, and heater). The value of K 
(see t-ahle V) was computed to he approxi- 
mately 7.9 icr the copper— stainless steel 
header and 6.1 for the aluminum— alloy 
heat er . 



2. Exhaust— gas side 



The isothernal static pressure drops across the 
exhaust— gas sides of the heaters were obtained 
as follows : 

(a) The static pressure drop across the inlet and 
outlet ducts of the gas side (approximately 
1/3 the magnitude of the over— all static 
pressure drop) was measured as a function of 
the weight rate. The.-e values of APducts 
were then used to ohtain the static pres- 
sure drop across the heater alone, accord- 
ing to the equation: 

APfctr " ^ p iso - ducts O) 

where &?iso is the over— ail measured 
static pressure drop. The values for 
APhtr are given in table 71, and those 
for £Pi s0 are plotted in figures 18 
and 19 . 

A head loss coefficient defined to include 
"both friction and other losses was computed 
on the has is of equation (1C). The value 
of E was of the order of 0.57 for the 
exhaust— gas side of each heater. 



An attempt was made to predict the static 
pressure drop across the gas side of 
the heater alone. The procedure fol-. 
lowed was to compute the fractional 
pressure drop in the heater "by use of a 
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suitable friction factor (£), a hy- 
draulic diameter (D) and a mean length 
( l) in the We is "bach equation: 

Then, the contraction and expansion losses 
caused "by the changes in area due to the 
presence of fins were obtained by use of 
the equation (similar to equation ll): 

where I is a head loss coefficient the 
value of which was approximated by consider- 
ing it as the coefficient for sudden 
changes in area. The sum of all these pre- 
dicted pressure drops was then compared 
With the experimental value of APhtr 
obtained according to equation (9). 

For the copper— stainless steel heater the agreement 
between these predicted values and the experimental values 
obtained from equation (9) was within approximately 25 
percent, and the agreement was within 10 percent in the 
case of the aluminum— alloy heater. 

Sfi£gll§,Qi^g £&&3i pres sure dro p .— The non— isothermal 
static pressure drop across the air and gas sides of the 
heat exchangers was predicted from the isothermal measure- 
ments by means of equation (54), reference 2: 



A^non— is o 



. a* (h& Y * % (* Y i r ( k * 8 \ T * ( a k * \ 

(is) 

In which AFiso is the measured over-all isothermal static 
pressure drop at the temperature Ii BO i I, are 

the mixed—mean absolute temperatures of the fluid at the 
inlet and outlet of the heater, respectively; is 
the arithmetic average of x 1 and W * i s the fluid 

weight rate; Y 1 is the weight density evaluated at tem- 
perature T x of the fluid at the inlet to the heater; 
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Ah is the cross-sect ionai area of flow within the heater; 
Ai is the cross— sect ion&l area at the inlet pressure meas- 
uring station; and k 2 is the cross-sectional area of flow 
at the outlet pressure measuring station. 

A comparison of measured and predicted non— is oth ermal 
static pressure drops across each side of the respective 
heaters is presented in tables VII to X a-d is shown graph- 
ically in figures 1-i to 19. 
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The results of the tests on the two finned— type heat 
exchangers are shown graphically. Ihe results obtained 
for the copper— stainless steel heater are shown in fig- 
ures 6, 9, 12, 13, 16, 17, and 19, and those for the 
aluminum— alloy heater are shown in figures 6, 7, 10, 11, 
14, 15, and 13. Each heater was tested using the circum- 
ferential— f 1 ow shroud (designated as A— 7 in the figures) 
and the f uli— cr ossf low shroud (designated as UC— 1 in the 
f i gur e s ) . 

The corresponding physical dimensions of the two 
heaters are approximately equal (see figure 5). The main 
difference is that the metals used in the construction of 
the heaters have dissimilar thermal conductivities. There 
are differences, also, in the number of fins on each heat- 
er; and, furthermore, the fins on the exhaust— gas side of 
the copper— stainless steel heater taper more sharply at 
the ends than do those of the alum inum— alloy heater (see 
f igur e 5 ) . 

The tv/o shrouds exhibit differences not only in con- 
figuration and in flow characteristics, but also in the 
cross-sectional areas of flow: the area of the circum- 
ferential—flow air shroud (A-7) being 0.0985 ft 2 and 
that of the full cross— flow air shroud (UC— l) being 
0.252 ft 2 . A further difference, of course, is that the 
flow path for the c ir cumf cr ent ial— f 1 ow air shroud is twice 
as long as that for the f ull— cr os sf low shroud. 



Eeat Transfer 

Because of the similarity of construction of the two 
heaters, examination of the data should reveal what effect 
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the variation of the conductivity by the use of different 
metals and variation of the configuration of the air shrouds 
has upon the performance of the unit. This information can 
be obtained fro::, a comparison of results taken from the 
data at a particular weight rate of exhaust gas and venti- 
lating air. 



Heat er 




Air shroud 






(UA) 




o 










( 1%/h*) 


(Ib/hr) ( 


3tu/hr 


°F) (ill. H o 0) (in. I 




Copper— st a 


inless 














steel 




A-7 


5650 


2500 


140 


20. 0 


15. 


0 








565C 


25 00 


85 


1.92 


15. 


c 


Aluminum— 


alloy 


A-7 


56 GO 


2500 


100 


10.0 


16. 


2 






UC-1 


5560 


25 00 


72 


1.56 


15. 


o 



The foregoing table is not the correct basis for com- 
parison because the temperatures of the exhaust gas which 
obtained during the tests on the copper— stainless steel 
heater were higher than those which obtained during the 
tests on the aluminum-alloy heater ( 1600° as against 100C°P). 
Because of this difference in the average fluid temperature 
on the gas sides, the values of (Ua) should be corrected, 1 
but it can be shown (see appendix A) that the correction 
for this difference in the average temperature of each 
fluid is of such a magnitude that any conclusions drawn 
from an inspection of the foregoing table would not be in- 
validated by its application. 

Comparison o f heaters.— The results shown in the 
foregoing indicate that the over— all thermal conductance 
(UA) of the copper— stainless steel heater using the A— 7 
shroud is 40 percent greater than that of the aluminum- 
alloy heater using the same shroud. 



tfrom equation (3) it is evident that the term (UA) is 
independent of the mean effective temperature difference 
At Dx . It is, however, a function of the average fluid 
temper at -are on each side of the heater inasmuch as it is 
a function of the unit thermal conductances on each side 
of the heater (the unit thermal conductance f c varies 
with the 0.296 power of the absolute temperature for tur- 
bulent flow in ducts and over flat plates). 
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^ The difference in the over-all thermal conductance 
of the two heaters (when using the sane shroud) lies r.aiii- 
ly in the difference .of the thermal conductivities of the 
netals tfsed in the construction of the heaters (the therm a! 
conductivity of copper is about 56 percent greater than 
that of aluninun, while the thermal conductivity of alumi- 
num is about ten tines that of stainless steel), but the 
differences in cross-sectional areas of fluid flow, number 
of fins on either side of each heater, the respective di- 
mensions of these fins, and the difference in the average 
temperatures of the fluids (due to a difference in the 
inlet temperature of the exhaust gas) must also be con- 
sidered (the unit thermal conductance f c varies as 
-av ) . 



Inspection of the thermal conductances of the two 

heaters using the .circy m f er en t i al-f low ( A-7 ) shroud. 

which are shown in figures 11 and 13, reveals a 40 per- 
cent increase in thermal conductance obtained with the 
copper-stainless steel heater. An increase of about 16 
percent, as seen from the predictions, can be ascribed to 
the differences mentioned previously. The relative ef- 
fect upon the heat transfer, of the difference in the 
cross-sectional areas of flow can be estimated by refer- 
ence to table V, which shows a much higher pressure drop 
for the heater-shroud combination with the smaller cross- 
sectional area. Inclusion of the heat transfer by radia- 
tion and the heat transfer through the stainless steel of 
the fins (both neglected in the prediction; see appendix 
B for a discussion of the latter) would account for ap- 
proximately another 14 percent cf this difference. 

The over-all thermal conductance of the copper-stain- 
less steel heater using the U0-1 shroud is about 18 
percent greater than that of the aluminum-alloy heater 
using the same shroud (see preceding table). The pre- 
dictions based on equation (5), indicate that an increase 
01 about 14.5 percent can be ascribed to the difference- 
in neater construction, mentioned in the preceding para- 
graph Consideration of the contribution of radiant heat 
transfer would decrease the discrepancy, of course. When 
the circumferential-flow (A-7) shroud was used on the 

"oli er ;? t ^ nl r S + Steel h6ater S0Ee ° f the * razin £ the 
til l , r ter Zielted aRd ^t. Consequently, 

the heater performance was impaired when the heater was 
tested la„er using the full-crossf low shroud. The de- 
crease in heat transfer due to this loss of brazing "is the 
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reason for the apparent closer prediction of the perform- 
ance of this heater when tested with the f ull— cr ossf low 
shroud. 

Compar is o n o f ai r shrouds . — Comparison of the o v or— 
all thermal conductances obtained with each heater as a 
function of the two shrouds indicates that the circum- 
ferential—flow shroud has "better therr.al characteristics 
than the f ull— cr os sf low shroud. This is to "be expected 
"because the smaller cross— sect ional area in the circum- 
ferential—flow shrcud produces a higher weight rate per 
unit area, resulting in an increase of the unit thermal 
conductance (decrease of the thermal resistance) on the 
side with the controlling thermal resistance. For the 
copper— stainless steel heater, the thermal conductance 
obtained with the cir cumf erent ial— f low shroud is about 
65 percent greater tn a n that obtained with the full-cross- 
flow shroud. Tor the aluminum— alloy heater, however, the 
thermal conductance obtained with the circumferential- 
flow shroud is about 30 percent greater than that obtained 
with the full-cr ossf low shroud, 1 This increase in the 
thermal conductance is not the same for both heaters, 
mainly because, as mentioned previously, some of the braz- 
ing in the folds of the copper— s t ainl es s steel heater 
melted and drained out of the folds during the runs while 
using the circumferential-flow shroud. Thus, the per- 
formance of the heater during the runs with the full— 
crossflow shroud was adversely affected. 

P£Q £ i c t e d v erf or m an c ez . - The predictions made for 
the copper— stainless steel heater using the A— 7 shroud 
are on the average within 18 percent of the measured 
values, indicating that the method used (see appendix 3) 
is satisfactory for the prediction of the performance of 
composite (bimetallic) fins. The predictions for this 
heater using the UC-1 shroud are, on the average, with- 
in 14 percent of the measured values. 

^ The accuracy of the predictions of the heat transfer 
of this heater can be increased if consideration is given to the 
effect of gaseous radiation and radiant exchange between 

1 It should be noted, however, that the isothermal pressure 
drop on the air side, using the c ir cumf er ent ial-f 1 cw air 
shroud, is several times that of the full-cr os sf low air 
shroud when they are used on either of the two heaters 
(see discussion of the pressure drop). 
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heater surface (about 7 percent increase in the value of 
(UA)) and the heat transfer through the stainless steel 
portion of the fins (about 7 percent increase in the 
value of (UA) ) . 

The aluminums-alloy heat exchanger did not present 
the difficulties accompanying the analytical treatment 
of composite fins and consequently the predictions of the 
thermal performance were accomplished with greater ac- 
curacy* The average deviation of the predicted over-all 
conductance from the measured values was t on the average, 
less than 5 percent using the cr i cumf er ent ial-f 1 ow shroud 
and, on the average, about 8 percent using the full-cross- 
flow shroud. 



Isothermal Pressure Drop 

Pressure drop along the gas side.— The pressure drop 
across the exhaust-gas side of the copper— s t ainl es s steel 
heater is about 60 percent of that across the exhaust— gas 
side of the aluminum-alloy heater. This is due, no doubt, 
to the greater cross-sectional area of flow of the copper- 
stainless steel heater. The predictions of the isothermal 
pressure drop were within 8 percent of the measured value 
in the case of the aluminum-alloy heater, and within 30 
percent of the measured value in the case of the copper- 
stainless steel heater. The pressure loss coefficient K, 

defined by — |&S m % £Sf f WM a t 0 ut 0.63 for the alumi- 
! 2g 

num-allcy heater and about C.63 for the copper-stainless 
steel heater. 

£l-gssurc^dro^_al o ftg the air si d e , - For the same weight 
rate cf ventilating air, the pressure drcp using the cir- 
cumferential-flow shroud was about ten t ir.es that using the 
full-cr ossf low shroud in the case of the aluminum-alloy 
heater and about six times the latter in the case of the 
copper-stainless steel heater. The differences in the be- 
havior of the two air shrouds can be ascribed to the dif- 
ference in cross— sect ioaal areas of flow, and also to the 
increased losses caused by the turning characteristics of 
the circumferential-flow shroud and to the difference in 
the length of the flow paths. It must be kept in mind, 
however, that the use of the cir cumf er ent ial— f 1 ow shroud 
made possible an increased heat transfer performance. 



KACA ARH ITo. 4H21 



22 



Non— is othermal Pressure Drop 

The prediction of the non-isothernal static-pressure 
drop fron the measured isothermal pressure drop, by means 
of equation (54) of reference 2, was successful in every 
case. (Sec figures 14 to 19.) 



Heater Surface Temperatures 

The maximum heater temperatures recorded (thermo- 
couple located at tip of exhaust— gas side fin near gas 
inlet) during the runs on the aluminum-alloy heater (inlet 
gas temperature S 1000° f) were 780° F using the circum- 
ferential-flow shroud and 867° I using the f ull-cr ossf low 
shroud. This difference can be traced to the different 
flow areas of the shrouds (C.114 for the circumferential- 
flow shroud, 0.302 for f ull-cr os sf low shroud). 

The maximum heater temperature recorded (thermocouple 
at tip of exhaust— gas side fin) during the runs on the 
copper— stainless steel heater (inlet gas temperature 
S 1600° y) was 1310° ? using the full crossflov shroud. So 
surface temperature data were taken on this heater when 
using the circumferential-flow air shroud. 



COKCLUS IONS 



l t The over— all thermal conductance of the copper- 
stainless steel heater was from 20 to 40 percent greater 
than the value for the aluminum-alloy heater. 

3t The over— all thermal conductance of the heaters, 
when using a circumferential-flow air shroud, was fron 
40 to 65 percent greater than the values obtained when 
using a full— cr ossf low air shroud. 

3. The non-isothernal and isothermal static pressure 
drop for this circumferential flow air shroud was from 
six to tern times that of the f ull-cr os sf low shroud. 

4. The prediction of the thermal performance was 
within 18 percent of the measured value for the copper- 
stainless heater and was within 8 percent for the alumi- 
num—alloy heater. 

University of California, 

Berkeley, Calif., December 1943. 
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APPENDIX A 



The rate of heat transfer of a certain heater at fixed 
fluid rates is altered when the temperature of either fluid 
is changed "because 

(a) The heat rate is a function of the mean tempera- 
ture difference ( At mz ) "between the two 
fluids and 

(o) The unit thermal conductance varies with the 
0.296 power of the absolute temperature of 
the fluid. (See equations (6), (?) f and (8).) 

The correction of the heat rate necessary because of 
items (a) and ( h ) in the foregoing can he made according 
to equation (46) of reference 2: 

U • W aC Pa (T gi - T &i ) cp x (14) 

where the term cp x is the "heater effectiveness for 

crossflow of fluids and is the ratio of the temperature 
rise of the air to the temperature difference "between the 
gas and air at the heater inlet, 

The heater effectiveness, cp x , i s a function of the over- 
all thermal conductance (UA), of the fluid rates, and of 
the heat capacities of the fluids (see chart, fig. 34 of 
r ef er ence 2 ; . 

If it is desired to predict the heater output at the 
different inlet temperature conditions when it is known 
for a given set of conditions, then the foregoing correc- 
tions must "be made. 

The correction "because of (a) alone may he obtained, 
as an approximation, by determining cp x for the value of 

the conductance (UA) at the original temperature condi- 
tions, on the hasis that (UA) and (consequently) \q> 

do not change rapidly a s the temperature of the fluids is 
varied . 
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The correction because of (b) can also be made using 
the corrected heat transfer rate from (a) to compute the 
new average temperatures for the v ent ilat ing-air and ex- 
haust—gas sides. These values are used to calculate the 
new unit thermal conductances ,cn each side of the heater. 
On the "basis of these unit thermal conductances, a new 
over-all conductance of the heater is calculated. Then a 
better approximation of cp x is obtained and a new q a 

computed from equation (14). Usually the change in (UA) 
(due to item b) is small (f c CO i av o.?.:96) and the first 

approximation to q a (that from the foregoing item (a) i 
sufficiently close. 

Example,: 

Compute the new over—all thermal conductance for the 
copper— stainless steel heater using the circumferential- 
flow (A— 7) shroud, when the inlet gas temperature is 
lowered from 1500° I to 970° F . 

The following data are obtained from the predicted 
curve of figure 13: 

W a = 2000 lb/hr 

W g = 5650 lb/hr 

(UA) = 110 Btu/hr °P for T~ * 1600° P, t« =95 
D es ir ed : 

(UA) for T g = 970° >, * 95° I 

Postulate further that c p ^ * 0.242 Btu/lb °P , 



C p = 0.271 Btu/lb °P 



Obtain a new q 



a » 



using the following equation 



(reference 2) which is based on inlet tempera- 
ture conditions: 



= \\ T 



( Ti 



— T , 



) 9- 



a "p a x ' Ei a i ' T * 
■ 2000 X 0.242 X ( 970-95 ) X 0.197 
= 82,700 Btu/hr 



By use of this new q^, the new average tempera- 
tures are obtained on the air and gas sides. 



xTACA AE2 Ho, 4H21 25 

T « -J*- + T = §2700 + 25 a 272 o r 

tf a c B a i 2000X 0.242 

8 2 700 o 
■■ g = T g h_ = eye = 916 I 

1 W g c 5650 X C.271 

^£ 

Ta ( av ) = = 184° F ; T a ( aT ) p 644° B 

T» = 970 *JBJ - 9 43° JF ; T..(av) * 1400° R 



r 0,296 . .0.2 96 

?a * (644) = 6.79 



= (1400)°-~ JC = 8.55 



Thermal conduct an ces 
Air side 

1 . , Unf inned surface 



0.3 96 pA^* 

f Cua . 5.56 X io- T av jlgy (6) 



U =la. * JSPJL « 16,200 lWhr ft 2 ; 6L 0 * 8 = 2560 
A r . . 0.110 



f - = 5 . 56 X 10- 4 X 6 . 79 X 25$ 9 » 
°ua 0.710 

= 11.4 Btu/hr ft 2 °F 
(f 0 A) Ua = 11.4 X 1.68 = 19.1 3tu/hr °F 
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2. Finned surface 

f Ca = 9.36 X 10- -Ta 0 ' 296 ^1 (7) - 

0 = J£a_ = ^ 20,300 lo/hr ft 3 ; G a 0 " 8 = 2800 

A c s 0.0985 

f o* = 9,36 X 10"'' 6.79 2800 = 42.5 Etu/iir ft 3 °F 
' a 0.419 

3. Eq.uivs.lent thermal conductance on air side 
(f c A) fcfl = * VfoPkA tan L + (f c A) un> 

» *C .A 

1674 /43.5X, 0336X21 0X4.3 7X10-* t anh /-— X.Q336 

V 210X4. 87X10- 5 

X 0. 09 37 + 18 .9 

(f c A) ea - 162 + 19 = 181 3tu/hr °I 1 

= 0.00552 



c A • ea 



Gar, side 



f 0 . = 5.55 X10- 1 I ••••• (1 + 1.1 5f) (8) 



f c = 5 . 5 6 X 1D~ 4 X 8.55 X ^ 75 ° (1.C86) 
c g 0.601 

* 40.8 3tu/hr ft E °V 

1. Unfinned surface 

( f c-0 U g = 40.8X1.43 ■ 53.4 Btu/hr °I 

2. Finned surface and unfinned surface 



ft cP 



(f c A) eg = ft/foPfcA tanh y-^- L + (f e A) U g 



27^40.3X2.05 210 X 0.00333 tanh Z^ 0,8 x 2 ; 06 _^ Q 104g + 5Q 

V 210 X 0.00383 

= ( 175 + 58) Btu/hr °F 
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3. Equivalent (f c A) on gas side 

^ f c A ^eg = 175 + 58 = 233 Btu/hr °P 



(f c A) 



= 0.00429 



eg 



Over-all thermal conductance 



(UA) = 



£qAs ea 



+ -f- 



eg 



Since the 
postulat ed 



was 

the first approximation 
and will suffice. 



0.00552 + 0.00429 



=102 Stu/hr °F 



so close to that which 



( U A ) obtained i i 
in making the calculation (UA = 11C Btu/hr °F) 



is within the limit of accuracy 



Hence, it can he said that a change in the average 
temperature of the exhaust-gases has little effect uuon 
the over-all- thermal conductance (only 7 percent in this 
case). Consequently, if the thermal performance of a heat 
exchanger is known for some certain inlet temperature con- 
ditions, an estimate of the thermal performance at some 
other inlet temperature conditions can "be obtained, with- 
out greatly impairing the accuracy of calculation, by 
using equation (14) considering only the new inlet temper- 
ature conditions. Such procedure neglects any change in 
V x which might be caused by the dependence of (ua) upon 
the average temperature of the fluids flowing through the 
heat exchanger. 



APP3I73IX B 



Predictions of the performance of the copper-stainless 
steel heater were made by substitution of "equivalent coprjer 
fins for the composite fins on the exhaust-gas side. This 
idealisation is permissible if the following system is 
n^ 1Z ? a ., (see sketch > : Ke *t flows from the gas through 
fluid thermal resitance" into the stainless steel of the 
fin. In the stainless steel the heat (considering two- 



is vis — 
a 
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dimensional flow only) will flow into the "base of the fin 
and also into the copper core of the fin. The heat flow- 
ing into the copper core will flow to the base of the gas- 
side fin and then into the fins on the air side. 



'a 



Copper fin 



(0.045" H 



f So-at p| -Stainless steel 

<lin 



!q in 



, (l/f c A) u air (Resistance along stainless steel sheath 
. tSi 4 



•AAAAA/VAAAAAAA^ VV\MMa/W\At 




^(l/f c A) gas 



^Resistance; across stainless ^ 
steel sheath 
C Resistance of copper 
core and copper fin 

IhQEmal circuit of above fins (idealized) 

If this system is considered as a group of resistances 
in series and in parallel, it will give, as a first ideal- 
ization, for flow to the copper cors the fluid thermal re- 
sistance of the exhaust gas in series with the resistance 
of the stainless steel. Since the fluid thermal resistance 
of the exhaust gas is much greater than that of the stain- 
less steel, and these resistances are in series, the latter 
resistance may "be neglected in calculating the heat flow 
to the center of the fin. For flow to the base of the fin, 
the resistance of the stainless steel is in parallel with 
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the resistance of the copper. Because the sum of the re- 
sistance of the copper cere and copper fin and the fluid 
thermal resistance of the vent ilat ing-air side is much 
smaller than the sum of the resistance along the stainless 
steel sheath and the fluid thermal resistance of the un~ 
finned portion of the air side of the heater, and since 
these sets of resistances are in parallel, the larger re- 
sistance can be neglected, as an approximation, in making 
the computations of the heat flow through these composite 
fins. Hence, it ma" be said that the composite fin of 
stainless steel (k * 15 Btu/hr ft 2 (°F/f t) ) and Hopper 
(k = 210 Btu/nr ft 2 (°P/ft)) may be considered as an 
"equivalent ,r fin of copper alone. 

The equation for the heat transfer from the finned 
surface is valid for fins of finite length with insulated 
ends. This equation can be used because the heat loss 
from the ends of the air side fins is small in comparison 
with that through the sides. 

In the equation for the heat transfer from the finned 
surface, the unit thermal conductance over this "equiva- 
lent copper" fin would bo the same as that over the stain- 
less steel surface, hut the perimeter, cross^sectional 
area and thermal conductivity would he those of the cop-ner 
alone. 
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6S.O 


996 


926 


72 


34SO 


3.97 


63/ 


/OO 


6/0 


703 


740 


790 


32.2 


// 


9/ 


20S 


//4 


2660 


UO 


732 


/007 


922 


S3 


34SO 


393 


76.9 


/OS 


560 


673 


705 


a/o 


90S 


23 


93 


233 


/40 


2280 


d7/ 


772 


977 


930 


47 


3760 


/66 


70.4 


0.9/ 


630 


760 


730 


733 


93.0 


24 


93 


/94 


/Of 


39SO 


23/ 


96,6 


98/ 


9/3 


68 


3690 


/6.0 


/o/ 


/.04 








SOO 


//a 



8 



as 

o 

TABLE III - EXPERIMENTAL RESULTS ON FINNED- TYPE HEATER § 

as 
o 

COPPER- STAINLESS STEEL UC-I SHROUD £ 









AIR Ql 










EXHAUST- GAS SID 








HEATER TEMPS. 


OVERALL 






\JZL 








E 




PERFC 


)RMANCE 


rYur? 


La, 


T 


A T 
A La 


Wa 


a d 








AT, 




A O 

AP f 


ft 




Gas 






AU? X 


(UA) 


A/a 


°r 


°r 


°r 




Incites 
t/iO 




°r 


°r 






MO 














c/. 


fir. 


fir 


fir*/* 


3 


93 


287 


/92 


2300 


/.65 


/0 7 


/494 


7442 


32 


5690 


74.5 


SO./ 


o.75 


/30O 






/280 


84 


4 


97 


2S7 


/So 


3030 


2.69 


//7 


7525 


7455 


70 


S620 


74.5 


/OS 


09/ 


/260 


- 


- 


/320 


#9 


5 


87 


239 


/32 


3390 


3.5/ 


/32 


/530 


743/ 


79 


S640 


74.6 


727 


0.97 


7245 






/330 


99 


7 


92 


38/ 


289 


/030 


0.40 


72.0 


/547 


7534 


43 


2780 


3.60 


32.4 


0.45 


/3/0 






/250 


58 


8 


9S 


3/2 


2/7 


/670 


0.92 


876 


7578 


/55/ 


*7 


2780 


3.62 


2A3 


0.23 


7260 






/320 


66 


9 


92 


2S3 


/6/ 


2660 


2.08 


704 


7556 


/460 


96 


2800 


3.6/ 


72.8 


0.7/ 


/ZOO 






/320 


78 


/2 


92 


372 


280 


/OOO 


0.44 


677 


/S47 


7446 


707 


2490 


2.94 


69./ 


7.02 


/2>S5 






7370 


52 


// 


92 


300 


208 


/680 


0.9/ 


84.5 


7538 


744* 


06 


25/0 


2.84 


653 


0.77 


72/0 






7290 


66 


/O 


9J 


243 


/50 


2660 


206 


964 


/538 


7420 


7/0 


25/0 


285 


73.5 


0.76 


7740 






7290 


73 



TABLE IE - EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER 

COPPER-STAINLESS STEEL A-7 SHROUD 







) c mi 










EXHAUST C 


» a e c 


; 1 nc 






HEATER 
TEMPS. 


OVERALL PERF. 


- AIF 










> 1 Ut 




Run 
A/o 


La, 


tat 


At* 


Wa 


AP a ' 














ft 




ATm^ 


//j * \ 

(OA) 




°r 


°r 


fir 


//zO 




r- 




°/~ 


/9T. 




Srr: 








IF 




/jr 




/ 




4/3 


3/3 


2/30 


//7 


/6/ 


/S69 


/4S3 


/// 


<?/20 


7S3 


/24 


477 






7260 


/23 




























HEATER 






2 


/OS 


344 


236 


2940 


22.6 


/6S 


/S64 


/433 


/3/ 


4/20 


ZS2 


A*£> 


0.37 


TEMPS. 


/2#0 


/SO 






























NOT 


































RECORDED 






3 


/OS 


437 


329 


2200 


/J./ 


/7S 


/5SZ 


/4S2 


7O0 


3'6SO 


/s:/ 


/3-J 


a<?7 






7270 


/3S 


4* 


/07 


373 


266 


2S40 


23 7 


/S3 


/532 


/473 


/o9 


J-6SO 


730 


767 


0.9/ 






/z?0 


/42 


20 


/09 


449 


340 


/4oO 


6.73 


//S 


/573 


/442 


/3/ 


2700 


S.35 


gfS 


0.S3 






7250 


S/4 


2/ 


/of 


395 


236 


/sro 


//S 


/29 


/573 


/447 


/2e 


2700 


334 


&2.0 


0.7/ 






/260 


/03 


23 


//3 


558 


445 




3.3S 


/07 


/53/ 


/477 


//4 


26A> 


**7 


#3/ 


0.7S 






/2oo 


38.3 


ez 


/09 


329 


220 


2630 


22.3 


/4o 


/5&Z 


/42Z 


/54 


2700 


3.32 


//3 


0.3O 






/2#7> 


/09 


24 


//3 


5es 


4/5 


&0O 


3 JO 


99.6 


/S69 


/4S5 


//4 




AS 6 


6>O.Z 


0.60 






//SO 




2S 


/// 


43/ 


320 


/S0O 


6.S/ 


/OS 


/569 


/43S 


/3/ 


/07O 


7 33 


69.9 


0 65 






7230 


S7.6 


27 


/09 


305 


/96 


2630 


222 


/24 


/556 


/39S 


/SS 


/fro 


732 


<?4.4 


0.63 






/270 


S*0 



TABLE V - ISOTHERMAL PRESSURE DROP DATA 



Ventilating-Air Side 


Run 
No. 


W 

lb/hr 


G 

lb/W ft 2 


ieo 
in. H 2 0 


'A P duct - 
in. H 2 0 


htr 
in. H 2 0 


K 


Copper-Stainless 


Steel Heater 


12 
9 
2 


1. Full-crc 
1000 
2650 
4120 


r 

ssflow (UC-1) s 
3820 
10,100 
15,700 


hroud . 
0.25 
1.38 
3.41 


0.08 
0.20 
0.56 


0.17 
1.18 
2.85 


a 

3.6 
3.5 
3.5 




2. Circumfe 
1000 
1500 
2500 


rential-flow (A 
10,100 
15,200 
25,400 


-7) shroud 
2.70 
6.10 
17.3 






7.8 b 

7.9 

8.0 




Aluminum-Alloy Heater 


4 
1 

5 


1. Full-crc 
1O40 
2640 
4 200 


ssflow (UC-1) a 
3,440 
8,740 
13,900 


hroud 

0.28 
1.50 
3.63 


0.09 
0.22 
0.58 


0.19 
0.2E 
0.58 


4.9* 

5.1 

4.8 


4 

18 
15 


2. Circumfer 
1030 
2270 
4180 


ential-flow (A- 
9,030 
19,900 
36,600 


7) shroud 
1 .77 
7.65 
23.9 






6.8 b 

6.1 

5.6 



a) K defined by ft ^ tr c K ft 

l p d 2 

b) K defined by — — — = K , ft 

Y 2g 



TABLE VI - ISOTHERMAL PRESSURE DROP DATA 

fees 
> 

o 



Exhaust-Gas Side 




Run 
No. 


W 

IbAr 


G 

IbAr ft 2 


^ P iso 
in. H 2 0 


^ P duct 
in.H 2 0 


htr 
meas . 

in.H 2 0 


b 

htr 
pred. 
ln.H 2 0 


Re 


c 

K 


Copper-Stainless Steel Heater 




1500 


10,600 


0.28 a 


0.06 


0.22 


0.16 


18,700 


0.66 




3000 


21,100 


1.07 


0.24 


0.83 


0.59 


37,400 


0.63 




6000 


42,200 


4.13 


0.97 


3.16 


2.10 


74 , 800 


0.60 


Aluminum-Alloy Heater 


8 


1660 


15,200 


0.59 


0.08 


0.51 


0.48 


22,100 


0.77 


6 


3300 


30,300 


2.12 


0.30 


1.82 


1.68 


44,000 


0.69 


3 


5130 


47,000 


4,90 


0.71 


4.19 


3.93 


68,400 


0.66 


1 


9170 


84,200 


15.6 


2.30 


13.3 


11.8 


122,000 


0.66 



a) For eopp©r-stainles6 steel heater, values of 

iso 

were interpolated from plot, figure 19. 



b) For method of predicting AP htr , see text. 

& P u 2 2 

c) K defined by UQt ■ K _!!L. = K w 

Y 2g 2g(A' V '3600) 



03 

en 



TABLE VII - NON- ISOTHERMAL PRESSURE DROP DATA 









Aluminum-Alloy Heater 










Full-crossf low (UC-l) shroud 






Pun 
No. 


w 

lb/hr 


G 

lb/nr ft 2 


T l 
°R 


T 2 
°R 


T 

ave 
°R 


ISO 

in.H 2 0 


non-iso 
pred . 
in. HgO 


AP' 

non-iso' 

meas . 
in.H 2 0 


Exhaust-Gas Side 


1^ 


2050 


18,800 


1403 


1331 


1367 


0.86 


2.20 


2.05 


14 


3900 


35,800 


1454 


1395 


1425 


3.00 


8.22 


7.52 


10 


5680 


52,000 


1458 


1407 


1433 


6.00 


16.7 


16.3 


Ventilating-Air Side 


13 


1780 


5,900 


552 


674 


616 


0.72 


0.95 


0.83 


15 


2650 


8,800 


555 


628 


591 


1 .47 


1.77 


1.72 


9 


3160 


10,500 


548 


634 


591 


2.05 


2.53 


2.48 



a) Values of AP* l30 were interpolated from plot of AP , jLgo vs. W a of figure 14. 

b) Prediction based on equation (13). 



TABLE VIII - NON- ISOTHERMAL PRESSURE DROP 



Aluminum-Alloy Heater 
Circumferential -flow (A-7) shroud 

















b 




Run 


W 


G 


T l 




T 

ave 


i a 
* P leo 


^ P non-iso 


non-iso 














pred . 


meas . 


No. 


lbAir 


lb/hr f 2 


°R 


°B 


°R 


in.H 2 0 


in. HO 


m.H 2 o 










Exhaust-Gas 


Side 






14 


1810 


16,610 


1386 


1297 


13'2 


0.69 


1.71 


1.58 


11 


3460 


31,800 


1467 


1382 


1425 


2.47 


6.34 


5.95 


23 


5760 


52,800 


1437 


1390 


1314 


6.?0 


17.0 


16.6 


Ventilating-Air Side 


12 


1000 


8,770 


1014 


1180 


1097 


1.70 


2.10 


1.92 


13 


1880 


16,500 


1014 


1123 


]069 


5.40 


6.24 


5.87 


14 


2660 


23,300 


1014 


1096 


1055 


10.5 


11.7 


11.4 



a) Values of Ap' 1s0 were interpolated from plot of AP* is0 vs. W a of figure 15. . 

b) Prediction based on equation (13). 



W-25 



TABLE IX - NON- ISOTHERMAL PRESSURE DROP DATA 



Run 
No. 



Copper-Stainless Steel Heater 
Ful 1-crossf low (UC-l) shroud 



W 

lb/hr 



G 

IbAr ft 2 



ave 
°R 



ap: 

iso 
in.H 2 0 



^ P non-is 
pred . 



non- 
ineas . 



Exhaust-Gas Side 



3 


5690 


40,100 


1954 


1902 


1928 


3.94 


15.5 


14 .5 


9 


2800 


19,700 


2016 


1920 


1968 


0.99 


3.88 


3.61 


12 


24 90 


17,600 


2006 


1906 


1956 


0.79 


3.06 


2.94 



Ventllotlng-Air Side 



7 


1030 


3,920 


552 


841 


696 


0.25 


0.45 


0.40 


11 


1680 


6,390 


552 


760 


656 


0.61 


0.97 


0.91 


10 


2660 


10,190 


553 


703 


628 


1 .42 


2.05 


2.06 



a) Values of AP' l80 were interpolated from plot of Ap'iso va - w a of fi g ure 

b) Prediction based on equation (13). 



TABLE X - NON- ISOTHERMAL PRESSURE DROP DATA 



Copper-Stainless Steel Heater { . 
Circumferential -flow (A-7) shroud : 


Run 
No. 


W 

IbAr 


G 

i 2 
IbAr ft 


T ! 
o 

R 


T 2 
°R 


T 

ave 
°R 


, a 

A P. 
l»o 

in.H 2 0 


ap- ; 

non-iso 
pred . 
in.H 2 0 


1 

AP' . 
non-iso 

meas . 

in.H 2 0 






Exhaust-Gas Side 


27 
20 
1 
3 


1970 
2700 
4120 
5650 


13,900 
19,000 
29,000 
39,800 


2016 
2033 
2025 
2042 


1858 
1902 
1918 
194 2 


1937 
1967 
1971 
1992 


0.49 
0.90 
2.00 
3.65 


1.78 
3.38 
7.62 

14:. 2 


1.82 
3.35 
7.83 
15.1 


Ventiloting-Air Side 


24 
20 
21 
22 


990 
1390 
1870 
2630 


10,100 
14,100 
19,000 
26,700 


573 
569 
569 
569 


988 
909 
855 
789 


780 
739 
712 
679 


2.65 
5.20 
9.45 
19.0 


4.20 
7.60 
13.3 
24.6 


3.38 
6.78 
11.8 
22.3 



\ 1 I 

a) Values of ^ P. interpolated from plot of A P, vs . W 

iso r iso a 

of figure 17. 

b) Prediction based on equat ion (13) . 
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Figures 3 and 4.— Photographs of aluminum-alloy heater. 
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Figure 6.- Thermal output of the aluminum-alloy finned- type heater, 
using UC-1 shroud, as a function of ventilating air rate. 
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Figure 7.- Thermal output of the aluminum-alloy finned- type 

heater, using A-7 shroud, as a function of 
ventilating air rate. 
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Figure 8.- Thermal output of the copper- stainless steel 

finned-type heater, using UC-1 shroud, as a 
function of ventilating air rate. 




Figure 9.- Thermal output of the copper-stainless steel finned-type 
heater, using A- 7 shroud, as a function of ventilating 

air rate. 




Figure 10.- Overall thermal conductance of the aluminum-alloy 

finned-type heater, using UC-1 shroud, as a function 
of ventilating air rate. 
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Figure 11.- Overall thermal conductance of the aluminum-alloy 

finned- type heater, using A-7 shroud, as a function 
of ventilating air rate. 
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Figure 12.- Overall thermal conductance of the copper-stain- 
less steel finned-type heater, using UC-1 shroud, 
as a function of ventilating air rate. 
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Figure 13.- Overall thermal conductance of the copper- stain- 
less steel finned-type heater, using A-7 shroud, 
as a function of ventilating air rate. 
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Figure 14.- Static pressure drop on the air side of the 

aluminum-alloy finned- type heater, using UC-1 
schroud, as a function of ventilating air rate. 
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Figure 15.- Static pressure drop on the air side of the 

aluminum-alloy finned- type heater, using A-7 
shroud, as a function of ventilating air rate. 



NACA ABE No. 4H21 



Fig. 16 



/ 




*400 600 1000 2000 4000 6000 8000 

W a , lb/hr 



Figure 16.- Static pressure drop on the air side of the copper- 
stainless steel finned-type heater using UC-1 shroud, 
as a function of ventilating air rate. 




Figure 17.- Static pressure drop on the air side of the copper- 
stainless steel finned- type heater, using A-7 shroud, 
as a function of ventilating air rate. 
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Figure 18.- Static pressure drop on the exhaust-gas side of 

the aluminum-alloy finned- type heater, as a 
function of the gas rate. 
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Figure 19.- Static pressure drop on the exhaust-gas side of the copper- 
stainless steel finned-typo heater, as a function of the 
exhaust gas rate. 



